The production of in-situ MMCs (Metal Matrix Composite) of an aluminum matrix with V x B y intermetallic compounds as the reinforcing phase has been investigated. The approach is modelled after that of Al-Ti-B alloys and salts added to an Al matrix to produce in-situ grain-refining TiB 2 . In the present work, V was used instead of Ti in an effort to investigate the possibility of an in-situ synthesis of a new, alternative, B-V reinforcing compound. Al, Al-V4.5wt% and Al-B5.5wt% alloys and a B-salt (KBF 4 ) were used as starting materials. The synthesis temperature, the stirring time and the reaction holding time (RHT) were 1000 o C, 5 min and 5 or 10 min respectively. The microstructure of the resulted MMCs consisted of second-phase particles, ranging in size between 1 and 10 ìm, dispersed within an Al matrix. The second phase particles were identified by X-ray diffraction (XRD) analysis as VB 2 and VB.
INTRODUCTION
A Metal Matrix Composite (MMC) is a material that contains one or more ceramic phases embedded in a ductile metal matrix. Such materials combine the high strength and modulus properties of the ceramics with the ductility and toughness of the metals. Due to their attractive mechanical and physical properties MMCs are increasingly used in the transport sector and other structural applications. Their use depends strongly on the availability of inexpensive and reliable processing techniques, allowing the development of components with reproducible final properties [1] [2] [3] [4] [5] .
Ceramic reinforcements are available in different forms and sizes and MMCs are produced by several processing methods such as powder metallurgy, spray deposition, mechanical alloying, rheocasting, stir casting and compocasting [6] [7] . Their properties depend on the size and volume fraction of the reinforcements, as well as on the nature of the matrixreinforcement interface. The latter, plays a critical role in the final MMC properties and has been the incentive for the development of in-situ MMCs. In such a MMC the reinforcing phase is formed in situ in the metallic matrix through chemical reactions among the elements and/or compounds during the fabrication process [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . This approach results in a MMC containing a finer dispersion of reinforcements, which are thermodynamically stable and with improved matrix-reinforcement interface properties.
In the present paper, a simple method for fabricating in situ MMCs having an Al matrix and V x B y compounds as the strengthening phases is described. The approach is modelled after that of Al-Ti-B alloys and salts added to an Al matrix to produce in-situ grain-refining TiB 2 . In the present work, V was used instead of Ti in an effort to investigate the possibility of an in-situ synthesis of a new, alternative, B-V reinforcing compound.
EXPERIMENTAL PROCEDURE 2.1 Materials
Commercially pure Al (99.7wt%) was used as the base metal. Two master Al alloys (Al-V and Al-B) containing 4.5wt%V and 5.5wt%B respectively, and one B-containing salt, (KBF 4 ), were used as starting, mixing materials.
Processing
Consulting the relevant binary and ternary (Al-V-B) equilibrium phase diagrams, appropriate amounts of Al and the two master alloys were melted at 1000 o C in a graphite crucible. The mixture was stirred continuously for 5 min so as to obtain complete mixing of all components. The stirrer design, material and surface protection, (effected through plasmaspayed coatings), were carefully chosen so as to obtain the optimum agitation while avoiding any contamination of the liquid Al. Following the 5-min mixing period, the melt was left to rest for a period of time, the reaction holding time, (RHT), of 5 or 10 minutes before casting it in a Cu mould. When KBF 4 was used as the B supplier, instead of the Al-B master alloy, the appropriate amount of salt was added slowly to the liquid Al/Al-V mixture, using a ceramic tube immersed into the liquid metal. A flow chart of the processing procedure is shown in Fig.  1 .
Characterisation
The microstructures of the resultant materials were examined using Optical (LOM) and Scanning Electron Microscopy (SEM). The ceramic phases formed were extracted by dissolving the Al matrix in a concentrated HCl solution. These phases were then characterised using X-ray diffraction (XRD) analysis.
RESULTS AND DISCUSSION
The microstructure and phases formed, when the Al-V and Al-B master alloys were used as starting materials and for 5-and 10-min RHT, are shown in Figs. 2 and 3 respectively. The microstructure was quite uniform in both cases, although more so in the case of 10-min RHT, containing a fine dispersion of particles. The particles sizes ranged between 1 and 10 ìm and their shapes were mostly oblong, prismatic or elongated whiskers, although some rounded or equiaxed were also present.
The microstructures and phases obtained using the Al-V master alloy and KBF 4 salt additions, shown in Fig. 4 , were similar to those obtained when only the master alloys were used. In all cases minimal particle agglomeration was observed and no significant concentration of the particles along the grain boundaries was detected. The XRD results shown in Fig. 5 clearly indicate the formation of VB and VB 2 particles, and EDX point analysis performed on select particles, Fig. 6 , corroborates the presence of B and V elements. These results confirm beyond any doubt the in situ formation of VB and VB 2 particles as the reinforcing phases in the Al matrix. Detailed studies of a possible grain refinement effect caused by the presence of these particles on the Al matrix is currently under investigation. The absence of voids and any other reaction products indicate good particle-matrix interfacial properties. This is possibly due to the direct reaction between the V and B elements which, being already present in the melt, lead to the formation of particles free of surface oxides.
In the case of KBF 4 salt addition, the following reactions are thought to take place at 1000 o C leading to the formation of VB and VB 2 particles. 
The above reactions are further supported by a recent work reporting the formation of V x B y ceramic phases via KBF 4 dissociation and aluminothermic reduction of BF 3 , as thermodynamically stable (20) .
CONCLUSIONS
In situ Al/V x B y composites were successfully synthesized via reaction of a) Al-V and Al-B master alloys and b) Al-V master alloy and a B-containing 
